Abstract
The U.S. Geological Survey's Land-Cover Trends Project aims to estimate the rates of contemporary land-cover change within the conterminous United States between 1972 and 2000. A random sampling approach was used to select a representative sample of 10-km by 10-km sample blocks and to estimate change within +/−1 percent at an 85-percent confidence interval (Stehman and others, 2003; Loveland and others, 2002) . Landsat Multispectral Scanner, Thematic Mapper, and Enhanced Thematic Mapper Plus data were used, and each 60-m pixel was assigned to one of 11 distinct land-cover classes based upon a modified Anderson classification system. Upon completion of land-cover change mapping for five dates, land-cover change statistics were generated and analyzed. This paper presents estimates for the Mojave Basin and Range ecoregion located in the southwestern United States. Our research suggests land-cover change within the Mojave to be relatively rare and highly localized. The primary shift in land cover is unidirectional, with natural desert grass/shrubland being converted to development. We estimate that more than 1,300 km 2 have been converted since 1973 and that the conversion is being largely driven by economic and recreational opportunities provided by the Mojave ecoregion. The time interval with the highest rate of change was 1986 to 1992, in which the rate was 0.21 percent (321.9 km 2 ) per year total change.
Introduction
The Mojave Basin and Range ecoregion (Omernik, 1987; Environmental Protection Agency, 1999) covers much of the Southern California desert, southern Nevada, and small portions of western Arizona and southwestern Utah ( fig.1 ). The majority of the ecoregion (hereafter, the terms "Mojave ecoregion" or "ecoregion" will be used interchangeably) consists of undisturbed lands fragmented only by widely spaced road and highway development. With a combined population of 769,303 (U.S. Census Bureau, 2001) , Las Vegas and the surrounding cities of Henderson and North Las Vegas form the major urban center and the main contributor to the ongoing population increase within the ecoregion. The cities of Palmdale and Lancaster, located along the western edge of the ecoregion, form the second largest urban area and have a combined population of more than 200,000 residents (U.S. Census Bureau, 2001 ). Recreation is a major activity in the ecoregion, because people are drawn to locations such as Death Valley National Park, Mojave National Preserve, open-access Bureau of Land Management (BLM) lands, Lake Mead National Recreation Area, and the city of Las Vegas. Despite the increasing population, active military training operations, and demands for recreation, there is a paucity of quantitative contemporary information on land-cover change for the Mojave ecoregion.
Historical satellite imagery, which has been widely available since the early 1970s, provides a consistent imagery base for comparative study of land-cover change. This study used methods developed by the U.S. Geological Survey Land-Cover Trends Project (Loveland and others, 2002) , which implements a probability sampling technique and archived satellite imagery to map and quantify contemporary land-cover change for the 84 U.S. Environmental Protection Agency Level III ecoregions (Omernik, 1987) . Estimates of area and rates of change have been computed for the Mojave ecoregion on the basis of visual interpretation and subsequent postclassification comparison of five dates of imagery between 1973 and 2000 for 40 sample blocks, each 10 km by 10 km (see fig.2 ). A modified Anderson classification scheme (Anderson and others, 1976 ) was used to group land cover into 11 discrete classes.
This paper provides a description and discussion of land-cover change in the Mojave Basin and Range ecoregion. Two fundamental issues associated with land-cover change are addressed: (1) what are the spatial and temporal dimensions of land-use and land-cover change and (2) what are the local to global driving forces of land-use and land-cover change? A description of the Mojave ecoregion, historical land-cover trends and issues, and an analysis of contemporary land-cover change are included in this paper.
Background Ecoregion Description
The Mojave Basin and Range ecoregion as defined by Omernik (1987) The majority of the ecoregion consists of the Mojave Desert, but the northern extent of the ecoregion crosses into the southwestern edge of the Basin and Range geomorphic province. As its name indicates, the Mojave Basin and Range ecoregion is characterized by basin and range topography, with numerous distinct fault-bounded mountain ranges skirted by bajadas and separated by relatively flat and often expansive alluvial valley floors. A remarkable amount of vertical topographic relief results from this geology.
Low annual precipitation and high summer temperatures are characteristic throughout the ecoregion. Average annual precipitation varies between 50 and 250 mm in the valleys and is as much as 625 mm in the mountain ranges. Precipitation is spread out fairly evenly over the year and falls mostly as rain. However, some snow does regularly fall at higher elevations in the winter and early spring. Average annual temperatures generally range between 16 and 24ºC but are as low as 10ºC 
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in the mountains (Natural Resources Conservation Service, 1981) . As a result of the harsh regional climatic conditions, this ecoregion is quite fragile and recovers slowly from anthropogenic disturbances (Hunter and others, 2003) .
The largest landowner in the Mojave Basin and Range ecoregion is the Federal Government. Designated Federal lands in the ecoregion make up roughly 81 percent of the total land area ( fig. 2) . The Bureau of Land Management (BLM) controls almost half of the land in the ecoregion (44.7%). The National Park Service (NPS) manages 20 percent, with the largest holdings being Death Valley National Park, Lake Mead National Recreation Area, Joshua Tree National Park, and Mojave National Preserve. A portion of Grand Canyon National Park also lies on the eastern boundary of the ecoregion. The Department of Defense (DOD) is another major holder and user of lands in the ecoregion at 15 percent of the total area. Major military facilities, which in turn support the local economies of a number of towns and small cities, include China Lake Naval Air Weapons Station, Fort Irwin National Training Center, Nellis Air Force Base, Edwards Air Force Base, Marine Corps Air-Ground Combat Center TwentyNine Palms, and the Marine Corps Logistics Base at Nebo. 
Background
The Department of Energy's (DOE) Nevada Test Site on the northeastern boundary of the ecoregion makes up 1.5 percent of total lands. Urban development is generally limited throughout the ecoregion, mostly because of harsh environmental conditions and a lack of adequate resources and infrastructure. However, significant development has and continues to take place in the Las Vegas, Nevada, area and in California along the southwestern edge of the ecoregion in the cities of Lancaster and Palmdale. Almost all of the modern communities in the ecoregion have originated along lines of transportation, whether these were railroads, highways, pack animal trails, or even navigable rivers (Bard, 1972) .
Las Vegas, along with the surrounding cities of North Las Vegas, Henderson, and Boulder City, is the dominant urban center in the ecoregion. McCarran International Airport, which serves the Las Vegas area, is the eighth busiest airport in the world, and nearby Lake Mead has more than 10 million visitors a year. Vacation resorts, golf courses, and other tourist attractions draw large numbers of visitors to the area. The gaming and tourism industry is dependent on the continued influx of visitors, easy access to the area, and a local population capable of sustaining these industries. This local population is moving further away from the city centers, resulting in the need for continued infrastructure development.
The southwestern edge of the ecoregion is occupied by several cities, with Lancaster, Palmdale, Victorville, and Barstow being the largest. The congested urban landscape of Los Angeles and western San Bernardino County is forcing development to move along transportation corridors that lead through the physiographic boundary of the San Gabriel and San Bernardino Mountains (Southern California Mountains ecoregion) into the western Mojave Desert. In many cases, people are willing to commute long distances to work in order to take advantage of more affordable housing in suburban neighborhoods located in the desert, contributing to urban growth in the region.
Other notable urbanized areas in the ecoregion, apart from those previously described, are Ridgecrest, California, which supports China Lake Naval Weapons Station, and the cities along or near the Colorado River in the south, including Needles, California, and Bullhead City and Kingman, Arizona.
Relation of Environmental Characteristics and Land Cover
Both climatic and topographic extremes contribute to the sparseness of vegetation within the ecoregion. However, these environmental conditions also promote species diversity, and the ecoregion is home to approximately 2,000 plant species, of which 150 are introduced and 500 are endemic (Rowlands and others, 1982) . According to the National Land Cover Data Set from 1992 (Vogelmann and others, 2001 ), the predominant land-cover type in the ecoregion is desert shrub/grassland, which covers approximately 86 percent of the ecoregion ( fig. 3 ). The dominant shrub species throughout the ecoregion is creosote (Larrea tridentata), which is found up to elevations of about 1,375 m. Near the northernmost boundary of the ecoregion, creosote begins to disappear due to cooler winter temperatures, and big sagebrush (Artemisia tridentata) becomes more common. Other common plant species include white bursage (Ambrosia dumosa), Mormon tea (Ephedra sp.), Joshua Tree (Yucca brevifolia), and cactus. Pinyon-juniper woodland is found at higher elevations, consisting of single-leaf pinyon pines (Pinus monophylla) and Utah junipers (Juniperus osteosperma) (Little, 1971) .
Many dry lakes forming playa deposits occur throughout the ecoregion. Large and actively migrating sand dunes are scattered throughout the ecoregion, as are geologically old and young volcanic features, such as cinder cones, domes, and lava flows. The dominant soils in the ecoregion are Orthents, Psamments, Fluvents, Orthids, and Argids, which generally have low moisture retention and high moisture evaporation rates (Natural Resources Conservation Service, 1981). The intermittent Mojave River is the major drainage in the ecoregion and has been subject to floods during nearly all recorded El Niño years (Hereford and Webb, 1997) . Although very little surface water exists naturally within the ecoregion, a great deal of water moves through the ecoregion by way of the Colorado River Aqueduct. Furthermore, the small amounts of naturally existing surface water are subject to strict management. Most notably, the Mojave River has undergone much channeling and diversion throughout the time of settlement of the ecoregion (Mouat and others, 1998) .
The ecoregion has historically supported human-related activities, such as military training, livestock grazing, aqueduct rights-of-way, mining, recreation, and agriculture, all of which have some level of effect on the desert landscape (Lovich and Bainbridge, 1999) . Agriculture, although not extensive in the ecoregion, does occur locally along the Colorado and Mojave Rivers and west of Edwards Air Force Base and Lancaster. Grazing takes place primarily on BLM lands and is a controversial practice within the ecoregion, partly because of its impacts on land cover, including alteration of vegetation cover and composition as well as soil compaction (Mouat and others, 1998) . Abundant geological resources have allowed for the development of extractive mining for a variety of minerals, resulting in the accumulation of tailings and modifications to fragile dry lake ecosystems.
Natural vegetation of the Mojave Basin and Range ecoregion is subjected to numerous types of anthropogenic alterations. The introduction of livestock for grazing (Bentley, 1898) , off-highway vehicle use (Webb and Wilshire, 1983) , urbanization and associated activities (Reible and others, 1982, Walsh and Hoffer, 1991) , and military use (Lathrop, 1983 , Prose and others, 1987 , Prose and Wilshire, 2000 , Steiger and Webb, 2000 all contribute to the loss of vegetated lands. These impacts, when combined with the harsh environmental characteristics, result in a landscape slow to recover from disturbance.
The most widespread recreational activity in the ecoregion is off-highway vehicle (OHV) use, which began to rise dramatically around 1960 (Bard, 1972) . OHV use in the ecoregion was initially minimally regulated, with large areas
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open to unlimited use (Sheridan, 1979) . However, because of the detrimental effects of OHV use on desert soils, air quality, vegetative cover, biodiversity, and specifically the Desert Tortoise (Gopherus agassizii), OHV use became a concern among those interested in the health of this desert ecosystem (Westec Services, 1978) . As a result, land managers have implemented programs that limit and monitor OHV use while still providing ample designated areas for OHV recreation. In California, the Off-Highway Motor Vehicle Recreation Program was created in 1971 by the State Legislature and is operated by the State Department of Parks and Recreation. At the Federal level, the BLM has instituted the National Management Strategy on Motorized OHV Use in an effort to accommodate growing OHV use on public lands.
Methods
Forty sample blocks, each 10 km on a side, were randomly selected (see fig. 2 ) for analysis using Land Cover Trends sampling design protocols (Stehman and others, 2003; Loveland and others, 2002) . The forty sample blocks selected (1,304 blocks make up the entire ecoregion) represent approximately 3 percent of the entire ecoregion area and are used to detect change at an 85 percent confidence interval +/− 1 percent. The sampling design was random, as was the selection of sample blocks by various interpreters to reduce interpretative bias. A modified Anderson classification system (Anderson and others, 1976) was used to partition land cover into 11 distinct classes (appendix 1) using manual interpretation methods. Landsat Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+), and Multispectral Scanner (MSS) images, along with ancillary data such as topographic maps and aerial photographs, were used to derive land-cover and land-cover-change images for each sample block selected for analysis (table 1) . Upon completion of sample block interpretations, postclassification comparison was used to generate land-cover change statistics for the ecoregion based on the assumption of a representative sample. A more comprehensive review of the land-cover trends methodology can be found in Loveland and others (2002) .
Results

Estimated Gross Area Change
Results show land-cover change between our thematic classes (see appendix 1) to be relatively rare and highly localized. Total land-area change from 1973 to 2000 is estimated at 2.6 percent (3,390 km 2 ). The most common change observed was the conversion of an estimated 1,426 km 2 of the grass/ shrubland class to the developed class. An additional 651 km 2 of grass/shrubland was lost to mechanical disturbance and 345 km 2 to mining activities. In addition, it is estimated that 340 km 2 of forest transitioned to mechanically disturbed, and 205 km 2 are estimated to have transitioned from a mechanically disturbed state to developed.
The urbanization process is represented by the conversion of natural-cover and mechanically disturbed cover types to the developed class. Urbanization is the dominate land-cover transition occurring in the ecoregion, and it follows a unidirectional pattern, terminating in the development of the desert landscape. In most instances, urbanization is represented by the direct transition of grass/shrublands to the developed class. However, in some cases the mechanically disturbed phase of urbanization was captured and reflects anthropogenic alterations such as scraping, leveling, and clearing of vegetation and soils.
Although land-cover change in the ecoregion is rare as a percent of total ecoregion area, the total area of the ecoregion converted to development is significant. Developed lands increased by 1,695 km 2 from 1973 to 2000, in addition to an increase of 423 km 2 in mining land. The increase of development can be largely attributed to population growth in both the Las Vegas metropolitan area and the suburban areas of Lancaster and Palmdale along the western edge of the ecoregion.
A substantial shift has occurred in mining-related activities as the ecoregion has shifted away from precious-metal and ore extraction to increased surface and aggregate mining for infrastructure construction uses. Most of the active mining operations observed in the sample blocks were arranged within close proximity of existing developed areas or an interstate highway expansion project.
Military training activities have contributed in a substantial way to our disturbance estimates. For example, one sample block located at Fort Irwin National Training Center experienced high amounts of disturbance due to its location in an area of the facility where tank and other vehicle training activities are particularly intense. The intense nature of this land use combined with the fragility of the desert landscape results in a slow recovery rate (Lovich and Bainbridge, 1999 , Steiger and Webb, 2000 , Prose and Wilshire, 2000 and thus the persistence of the mechanical disturbance classification.
In addition to estimates of area changed, average annual rates of change were estimated by dividing the area changed per temporal interval by the number of years in the interval. Undoubtedly change is not evenly distributed across each year within a temporal interval. However, because the temporal sampling intervals are not equal in length (either six, seven, or eight years), for purposes of temporal comparison it is useful to compare average annual rates. After normalization, the 1986 to 1992 interval remained the period with the most change (table 2).
Net Change by Land-Cover Type
As anticipated, the grass/shrubland class experienced the most change of any class, decreasing from 89. Table . Percent total land area by land-cover class at different times.
[The grassland/shrub class shows a steady decline while the developed class increases in each time interval, revealing urbanization as being the major land-cover conversion associated with the ecoregion.]
class, which had an increase of 1.3 percent (1,695 km 2 ), and the mechanically disturbed class at +0.5 percent (652 km 2 ). All other land-cover classes remained fairly stable throughout the study period (table 3) .
Common Land-Cover Conversions
The main story of change in the Mojave Basin and Range ecoregion is urbanization of the desert landscape as reflected by our mapped conversion of grass/shrubland to developed land. However, the driving forces of land-cover change are not uniform across the ecoregion and tend to vary at a local scale.
The four most common conversions for each time interval, presented in table 4, support urbanization being the major process driving land-cover change in the ecoregion. Grass/shrublands converting to developed is one of the top two changes by area in each temporal interval and is the top change in three of those intervals. In addition, grass/shrublands converting to mechanical disturbance and grass/shrublands converting to mining are also present in each of the Table . Areas of common land-cover conversions by time interval.
[Grassland/shrub to developed (urbanization) is the top conversion in the first three time intervals and the second most common conversion in the final time interval.] four time intervals. These changes are commonly associated with urbanization.
Clark County, Nevada, and its largest city, Las Vegas, represent one of the fastest growing regions in the country (U.S. Census Bureau, 2001 ). The rapid growth of Las Vegas and the surrounding cities such as Henderson can be attributed to the development of this area as a world-famous tourist destination made popular primarily by the ever-apparent gaming industry. Numerous megaresort-style hotel casinos have been built since the 1970s and have attracted millions of visitors annually. The large influx of tourism within Clark County in the past 30 years has necessitated the development of infrastructure, housing, and jobs to support the tourist industry. This development has resulted in the rapid conversion of the natural desert landscape to urban land uses.
Helping this rise in tourism, a modern interstate highway system facilitates the movement of people from large populated areas such as Phoenix, Arizona, and the Los Angeles metropolitan area to the Las Vegas area. Furthermore, many recreation activities exist in the Las Vegas area that attract more visitors and increase the demand for infrastructure.
Hoover Dam, Lake Mead, and the Grand Canyon are all close to Las Vegas and offer a wide range of recreational and cultural activities. These recreational opportunities in addition to a low cost of living and abundant affordable housing contribute to the Las Vegas area being a desirable place to live, which in turn has contributed to the increased development of the Las Vegas area.
Of the 19 sample blocks that experienced some amount of change (47.5% of all sample blocks), 63 percent experienced a transition to developed. The distribution of these changed blocks across the ecoregion generally follows transportation corridors, with the highest change blocks occurring closest to established urban areas. This is evidenced in blocks #14-555 and #14-1009. The most frequent conversions in each interval generally involved the grass/shrubland and developed classes, with mining and mechanical disturbance as associated changes. Examples from sample-block interpretations are presented in figure 4 .
In contrast to areas in the eastern portion of the ecoregion, where tourism is the primary driver of change, the western Mojave ecoregion is characterized by a number of smaller 1973 1980 1986 1992 2000 1973-1980 1980-1986 1986-1992 1992- 1973 1980 1986 1992 2000 1973-1980 1980-1986 1986-1992 1992-2000 (Hunter and others, 2003) .
Other settlements of relatively substantial size in the western Mojave ecoregion include Victorville (population 64,029), Ridgecrest (population 24,927), and Barstow (population 21,119) (U.S. Census Bureau, 2001) . The proximity of these rapidly growing communities to local military installations suggests the central role military operations may play in local economies (Hunter and others, 2003) . For example, the three previously listed cities are located adjacent to Edwards Air Force Base, China Lake Naval Weapons Center, and Fort Irwin National Training Center, respectively. Military training activities, since the end of the Cold War and the terrorist attacks of 11 September 2001, have shifted to desert warfare scenarios. Given new and future military training requirements, it is reasonable to expect communities colocated with military installations in the ecoregion will continue to grow and evolve, resulting in the alteration and development of an increasing amount of desert lands.
Land ownership is another driving force of land-cover change. As previously noted, the Federal Government owns a large percentage of lands within the ecoregion, the largest landholder being the BLM. The NPS and DOD are also major (fig 2) . Each of these three agencies manages public lands to meet various distinct goals and objectives. For instance, BLM lands are often open for public use and recreation as seen in the popularity of OHV activities (Lovich and Bainbridge, 1999) . In most cases, OHV disturbances, such as single vehicle tracks, were not detected in image interpretations because of the coarseness of the minimum mapping unit (60 m 2 ) and are therefore not described by the change estimates. However, image interpretations identified several large staging areas where relatively large areas of grass/shrubland have gradually been stripped of vegetation. Continued use of these areas has resulted in soil compaction, preventing the re-establishment of vegetation. The growth of OHV activity in the ecoregion can be largely attributed to the open-access policy of the BLM and the close proximity of these lands to major urban areas (Sheridan, 1979) .
Results
public-land holders
The DOD has a significantly different mandate pertaining to its land ownership and management policies. The DOD manages vast areas of the ecoregion for the purpose of conducting military training activities (see fig. 2 ). The largest of these facilities entirely within the ecoregion is Fort Irwin National Training Center (2,369 km 2 ). Fort Irwin is used for desert warfare training, including live-fire exercises. Tracked and wheeled vehicles operate throughout the facility and can have a major impact on the health and composition of desert flora and fauna (Prose and Wilshire, 2000) . Recent studies have estimated that several hundred years will be needed for desert soils and vegetation to recover once exposed to these intensive land-use practices Wilshire, 2000, Steiger and Webb, 2000) . This phenomenon was observed with sample block #14-712 ( fig. 5 ). The sample block is located in the eastern portion of Fort Irwin and was heavily used for tracked and wheeled vehicle operations training. Evidence of this use includes compacted and rutted soils, low shrub density, and stunted growth of creosote and other vegetation.
Unlike the BLM and DOD, the NPS attempts to preserve natural desert lands while promoting low-impact public recreation such as camping, hiking, and sightseeing. The largest holding of the NPS within the ecoregion is Death Valley National Park (12,759 km 2 ). Other NPS areas include Mojave National Preserve and Joshua Tree National Park. With the exception of small tourism-supporting development such as visitor centers, boardwalks, campgrounds, hiking trails, and unimproved roads, no land cover changes were detected in NPS lands, further illustrating the significant role land ownership plays regarding the spatial distribution of contemporary land-cover change.
The only period in which the change from grass/shrubland to developed was not the leading transition was from 1992 to 2000. The most common transition during this temporal interval was the conversion of 324 km 2 of forest to the mechanically disturbed class. This can be attributed to the cutting and removal of exotic and invasive saltcedar (or tamarisk, Tamarix ramossissima). Substantial forest clearing of these trees in sampled riparian areas was identified in this study. The recognition of varying degrees of environmental damage is driving the clearing of saltcedar-dominated forestland detected from 1992 to 2000. There is widespread recognition that saltcedar, which grows as shrubs and medium-size trees mostly in riparian areas, is undesirable from the standpoint of maintaining vigorous native ecosystems. As a result, saltcedar is included on the California Exotic Pest Plant Council's list of exotic pest plants of greatest ecological concern (Lovich and de Gouvenain, 1998) . Saltcedar competes with and replaces native plant communities, degrades wildlife habitat, alters stream morphology, uses large amounts of groundwater, increases fire frequency, reduces recreational and agricultural usage, and reduces biodiversity. Many managed areas within the ecoregion, such as the Havasu National Wildlife Refuge, implement programs to remove saltcedar and revegetate mechanically treated areas with native species in efforts to alleviate these consequences. However, mechanical treatment of saltcedar stands is not without potentially devastating consequences. The southwestern willow flycatcher (Epidonax trailii extimus) has begun nesting in saltcedar, causing great concern among biologists that biological control of saltcedar may reduce flycatcher populations (DeLoach and others, 2000) .
The conversion of 34 km 2 of wetlands to water from 1973 to 1980, 125 km 2 of water to wetlands from 1986 to 1992, and 28 km 2 of wetlands to water from 1992 to 2000 can be attributed to fluctuations of surface water levels in marshlands. Wetland-to-water and water-to-wetland land-cover conversions are relatively local changes, because approximately 81 percent of all Mojave ecoregion wetlands occur along the Colorado, Virgin, and Muddy rivers upstream of and flowing into Lake Mead and along the lower Colorado River downstream from Lake Mead. This localization of wetland distribution is illustrated by 53 percent of all ecoregion wetlands occurring within a 7-km buffer along a 40-km stretch of the lower Colorado River near Needles, California. Furthermore, these changes are dictated by a combination of environmental and managerial driving forces. Large wetland areas, such as Topock Marsh (16 km 2 ) near Needles and part of the Havasu National Wildlife Refuge, depend on water diversions from the Colorado River. As a result, these areas are subject to fluctuations in flow based on annual variations in water availability as well as metropolitan water needs in coordination and consideration of the best water levels for waterfowl and shorebird habitat (Lower Colorado River Multi-Species Conservation Program, 2004) .
Temporal Component of Change
Results indicate that land-cover change is fairly consistent over time, with the exception of a substantial increase in the amount of urbanization occurring between 1986 and 1992. The normalized average annual rate for all land-cover changes is estimated at 0.07 to 0.08 percent for all time periods with the exception of the 1986 to 1992 (0.21%/year). Change estimates also show no shift in the dominant type of land-cover change, urbanization remaining the primary change observed during all temporal intervals.
It is presumed that favorable economic conditions during the mid-1980s, combined with rapid construction farther away from the Los Angeles Basin, served to make the 1986 to 1992 the most dynamic in terms of land-cover change. Many new megaresort casinos were developed during this time, resulting in more jobs and economic opportunity for the Las Vegas region. Between 1980 and 1990, Clark County added more than a quarter of a million residents. The Palmdale and Lancaster region of the western Mojave also experienced a spike in growth again because of a favorable economic landscape and the availability of relatively inexpensive housing still within commuting range of greater Los Angeles.
Verification
Verification of land-cover change results for the Mojave ecoregion is divided into two parts: (1) how well the sample blocks represented the ecoregion and (2) how accurately image interpretations identified and described land-cover dynamics. The sampling methodology used was developed to achieve greater statistical precision on smaller areas of land when compared to mapping change in the entire ecoregion while also being more cost effective than wall-to-wall mapping (Stehman and others, 2003) . The statistical formula used to determine the number of sample blocks needed for the ecoregion was based on the project-established standard of detecting change within +/− 1 percent at an 85-percent confidence interval (that is, the accuracy of interpretation) others, 2003, Loveland and others, 2002) . Change estimates with a margin of error greater than 1 percent were the result of higher than expected variability in the spatial distribution of change, such as rare events or clumped and clustered change (Loveland and others, 2002) .
The interpretations of Mojave Basin and Range landcover change indicate that the 40 samples used to estimate rates of land-cover change for the ecoregion result in standard error limits within our goal of mapping change at +/− 1 percent at an 85-percent confidence interval (table 6). The 1986 to 1992 period had the highest error margin at +/− 0.94 percent and was the period with the most amount of change (1.27%), while the 1980 to 1986 period had the lowest margin of error (+/− 0.24%) and was the period with the least amount of change at 0.46 percent.
To verify image interpretations of land-cover change we focused on the developed land-cover type. Conversion to developed is the dominant change we documented, and we assume its verified performance is parallel to the other mapped conversions. To confirm this, we accessed the U.S. Bureau To further verify estimates of land-cover change, citylevel population data were used. Cities in the ecoregion with a 2000 census population greater than 20,000 were selected for comparison. It is reasonable to conclude that changes in population of major urban areas in the ecoregion would correspond to our estimates of change in the developed class. Figure 7 plots the population trend of the six largest cities in the ecoregion and shows the estimated average annual increase in the developed class. A relatively large amount of grass/shrublands was converted to developed lands between 1986 and 1992 (131 km 2 /year) and this corresponds to a general spike in population trends of major cities during this same period. However, it should be noted that in the final time interval (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) our change estimates appear to contradict the city population data. In this interval we see the largest population numbers for the six cities used for comparison, while our study estimates urbanization to be at its lowest during this interval. This could in part be due to a lag between the urbanization process and the time it takes to populate new developments.
Summary
Land-cover change estimates for the Mojave Basin and Range ecoregion were derived by using a probabilistic random sampling approach others, 2003, Loveland and others, 2002) and mapping land-cover change for five dates and four temporal intervals at a 60-m minimum mapping unit (Loveland and others, 2002) . Forty 10-km by 10-km sample blocks were selected, and land-cover change was mapped for each time interval in each block using a modified Anderson classification scheme (appendix 1).
Our results reveal that land-cover change between thematic classes in the Mojave is relatively rare and is highly localized. Urbanization is the primary type of change, although other human-use activities such as military training and recreation are significant contributors to change within the ecoregion. The most dynamic period observed was the 1986 to 1992 interval, with 0.21 percent change per year. All of the other intervals remained relatively constant at less than 0.10 percent change per year.
Land-cover change in the Mojave is most likely to occur at or near the edges of existing urban areas such as those found near Las Vegas, Nevada, and Palmdale and Lancaster, California. Other urban areas associated with military installations are also places where change is likely to occur, especially in the developed and grass/shrubland classes. However, change in more remote locations was not uncommon, as was seen in military training sites and isolated wetland regions.
The key drivers of change include population growth, land ownership, and recreation opportunities. Population growth is occurring for various reasons in different parts of the ecoregion. The Las Vegas area has grown significantly since the early 1970s and is now one of the main vacation destinations in the country. To satisfy this demand, there has been a large increase in population to support the local gaming and tourism industry. Change in the western portion of the ecoregion is occurring for different reasons, as people seek outdoor recreation activities and affordable housing all within commuting distance to major metropolitan cities.
Federal land ownership appears to be a major driver as well. Various Federal government agencies operate under different mandates, thus impacting the landscape in various ways, as seen in the comparison of National Park Service and Department of Defense land holdings. The level and intensity of use allowed in designated lands appears to lead to increased disturbance when heavy use is allowed and/or required. Lands set aside for conservation, as is the case of many NPS holdings, generally appear less impacted by human use and disturbance. BLM lands range from low-intensity use to highintensity use and more disturbance is generally associated with areas of heavy off-highway vehicle activity.
